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iuretics have been used effectively to treat millions of hypertensive patients during the past four decades. They reduce both systolic and diastolic blood pressures in the great majority of hypertensive patients. They are as effective as most other antihypertensive drugs. 1 2 Diuretics administered alone or in combination with other agents form the basis of therapy for the majority of hypertensive patients. 3 A thiazide is the usual choice, generally in combination with other antihypertensive agents. 4 Loop diuretics are usually reserved for patients with renal insufficiency, resistant hypertension, or heart failure. Diuretics are prescribed for patients with hypertension because of, firstly, their efficacy, low cost, and low side effects profile; secondly, their synergistic effect when combined with other antihypertensive agents; thirdly, the fact that they counteract salt and fluid retention caused by other antihypertensive agents; and, fourthly, their usefulness in patients with heart failure.
CLASSIFICATION AND MECHANISM OF ANTIHYPERTENSIVE ACTION
Diuretics useful in the treatment of hypertension may be divided into four major groups according to their primary site of action within the renal tubule, starting in the proximal portion and moving to the collecting duct. 5 They include agents acting on the proximal tubule, such as carbonic anhydrase inhibitors, which have limited antihypertensive efficacy; loop diuretics; thiazides and related sulphonamide compounds; and potassium sparing agents (table 1) .
A common feature of all diuretics is their natriuretic action, which leads to a decrease in total body sodium. The most potent diuretics (frusemide, bumetanide, and ethacrynic acid) decrease sodium resorption in the thick ascending loop of Henle by interfering with the Na-K + -2Cl -cotransport system located at the apical membrane of the renal tubule. These diuretics act at a site where a large quantity of sodium is normally reabsorbed. Therefore, the amount of urinary sodium excretion and accompanying fluid loss can be enhanced considerably with these agents by increasing the dose. Loop diuretics are effective even in patients with severely impaired renal function. Thiazides, metolazone, and indapamide inhibit sodium resorption in the early portion of the distal convoluted tubule. These diuretics inhibit the apical Na + -Cl -cotransport system. Only a small fraction of the filtered sodium is normally reabsorbed at this site, which explains the limited natriuretic activity of this class of diuretics. The dose-response curves for these diuretics are rather flat. Furthermore, the natriuretic effect of thiazides and to some extent indapamide is lost when the glomerular filtration rate (GFR) is reduced below about 40 ml/min, whereas metolazone is still active down to a GFR of about 20 ml/min.
In the distal convoluted tubule and in the cortical collecting duct, sodium is transported at the apical level of the tubular cell through a sodium channel. Sodium is then exchanged for potassium at the basal membrane as a result of the activity of Na + -K + ATPase. The activity of this enzyme is enhanced by aldosterone, the mineralocorticoid hormone secreted by the adrenal zona glomerulosa. Loop diuretics, thiazides, and metolazone, as well as triamterene, amiloride, and spironolactone, act in the late portion of the distal convoluted tubule and the cortical collecting duct. Triamterene and amiloride have weak natriuretic action. Spironolactone is a competitive antagonist of aldosterone and, consequently, inhibits pump activity. Amiloride and triamterene block the apical sodium transport. The elimination of potassium is reduced by diuretics acting in the most distal portions of the nephron because of decreased sodium-potassium exchange. In contrast, loop diuretics and diuretics acting in the early distal convoluted tubule increase kaliuresis and tend to cause hypokalaemia. This is mainly because these agents enhance the delivery of sodium downstream and subsequently accentuate the sodium-potassium exchange. As a result, more sodium is available for resorption in the late distal convoluted tubule and the cortical collecting duct.
The exact mechanism of antihypertensive action of diuretics is not known. 6 All diuretics initially lower the blood pressure by increasing urinary sodium excretion and reducing plasma volume, extracellular fluid volume, and cardiac output. Within six to eight weeks, the plasma volume, extracellular fluid volume, and cardiac output return towards normal. Beyond this point, the lower blood pressure is related to a decline in peripheral resistance, thereby improving the underlying haemodynamic defect of hypertension. 7 The vasodilatory effect of diuretics is probably related to the loss of sodium and water from the vessel wall. 8 In addition, some of the vasodilatory action is mediated through the release of prostacyclin and endothelial derived relaxing factor. 9 The mechanism responsible for the lowered peripheral resistance may also involve activation of the potassium channel. 10 
SIDE EFFECTS
The side effects of high dose diuretic therapy are usually not overly bothersome, but the hypokalaemia, hypercholesterolaemia, hyperinsulinaemia, and worsening of glucose tolerance that often accompany prolonged high dose diuretic therapy raise concerns about the long term benignity of this treatment (table 2) . However, lower doses are usually just as potent as higher doses in lowering the blood pressure and are less likely to induce metabolic changes. 1 
DIURETICS IN HYPERTENSION
Outcome data A large number of primary prevention trials have found strong and consistent support for endorsing diuretics, in particular thiazides and thiazide related diuretics (chlorthalidone and indapamide), over the alternatives in the management of hypertension. 11 12 In the large Medical Research Council trial, the treatment arm, consisting of bendrofluazide 2.5 mg with or without a b-blocker and methyldopa, had a lower incidence of stroke than did the placebo arm. 13 In the STOP-Hypertension trial, a hydrochlorothiazide and amiloride combination together with b-blockers led to a 14 In another study in elderly patients, a hydrochlorothiazide and amiloride combination was the only drug that reduced the mortality and stroke morbidity relative to the control group. 15 In the systolic hypertension in the elderly programme, low dose chlorthalidone with or without other antihypertensive agents led to a 33% reduction in all strokes compared with the placebo. 16 In the more recent ''antihypertensive and lipid lowering to prevent heart attack trial'', the thiazide related diuretic chlorthalidone was shown to reduce cardiovascular events by as much as did angiotensin converting enzyme (ACE) inhibitors and calcium channel blockers in patients with hypertension. 17 This landmark trial, which studied 33357 people aged 55 years and older with hypertension and at least one other risk factor for coronary heart disease, has been described as one of the most important trials of antihypertensive treatment directly comparing different classes of antihypertensives. It randomised the study participants to one of four antihypertensive regimens: the thiazide diuretic chlorthalidone (12.5-25 mg a day; n = 15255); the ACE inhibitor lisinopril (10-40 mg a day; n = 9054); the calcium channel blocker amlodipine (2.5-10 mg a day; n = 9048); and doxazosin (stopped early because of increased mortality). There was no difference in the primary outcome of combined fatal coronary heart disease and non-fatal myocardial infarction between the first three antihypertensives. Fatal coronary heart disease or non-fatal myocardial infarction occurred in 11.5% of patients treated with chlorthalidone over six years, 11.4% of those given lisinopril (relative risk compared with chlorthalidone of 0.99; 95% confidence interval (CI) 0.91 to 1.08), and 11.3% of those in the amlodipine group (relative risk compared with chlorthalidone of 0.98; 95% CI 0.90 to 1.07). Causes of mortality were also similar in all three groups. Further results showed that chlorthalidone was more effective than amlodipine by about 25% in preventing heart failure. Patients treated with lisinopril showed higher six year rates of combined cardiovascular disease, stroke, and heart failure than those given chlorthalidone. All three drugs reduced blood pressure substantially, but systolic blood pressures at five years were significantly higher in the groups taking amlodipine (0.8 mm Hg higher, p = 0.03) and lisinopril (2 mm Hg higher, p,0.001) than in the group taking chlorthalidone; the five year diastolic blood pressure was significantly lower in the group taking amlodipine (0.8 mm Hg lower, p,0.001). Tolerability was generally similar for the three drugs.
A meta-analysis of 18 long term randomised trials comparing diuretics and b-blockers with placebos showed that the treatment was significantly more effective than the placebo in preventing stroke, heart failure, ischaemic heart disease, and mortality (table 3) . 18 High dose diuretic therapy was shown to reduce the incidences of stroke (relative risk of 0.49; 95% CI 0.39 to 0.62) and congestive heart failure (relative risk of 0.17; 95% CI 0.07 to 0.41). Low dose diuretic therapy not only prevented stroke (relative risk of 0.66; 95% CI 0.55 to 0.78) and congestive heart failure (relative risk of 0.58; 95% CI 0.44 to 0.76) but also reduced coronary disease (relative risk of 0.72; 95% CI 0.61 to 0.85) and total mortality (relative risk of 0.90; 95% CI 0.81 to 0.99).
Another thiazide related diuretic, indapamide, was shown to be better than enalapril in causing regression of left ventricular hypertrophy in the LIVE (Left ventricular hypertrophy regression, Indapamide Versus Enalapril) study. 19 In the recent ''perindopril protection against recurrent stroke'' study, a therapy designed to lower blood pressure, consisting of perindopril and indapamide, reduced the risk of stroke in both hypertensive and non-hypertensive individuals with a history of stroke or transient ischaemic attack. 20 
Clinical aspects
Most patients with mild to moderate hypertension and no renal impairment respond well to lower doses of the various diuretics. 21 Larger doses have some additional antihypertensive effect, but this is achieved at the cost of increased metabolic and biochemical abnormalities. For uncomplicated hypertension, a moderately long acting thiazide is a logical choice (table 3) . 22 In patients with renal failure, defined as a creatinine clearance of less than 25 ml/min, thiazides are usually not effective, and repeated daily doses of frusemide, one or two daily doses of torseamide, or a single daily dose of metolazone is needed. 23 The antihypertensive effect of the diuretic persists indefinitely, although it may be overwhelmed if the dietary sodium intake exceeds 8 g/day. 24 With continuous diuretic therapy, blood pressure usually falls by around 10 mm Hg, although this depends on various factors, including the initial blood pressure, the quantity of sodium ingested, the adequacy of renal function, and the intensity of the counter-regulatory renin-aldosterone response. 21 Without a concomitant diuretic, antihypertensive drugs that do not block the renin-aldosterone mechanism may cause sodium retention. Drugs that inhibit the reninaldosterone mechanism, such as ACE inhibitors, and drugs that induce some natriuresis themselves, such as calcium antagonists, may continue to work without the need for concomitant diuretics. However, a diuretic enhances the effectiveness of other types of drugs, including calcium antagonists. 4 
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HOW TO USE DIURETICS EFFECTIVELY IN HYPERTENSION Thiazide diuretics
Thiazides are the most commonly used diuretic agents in the treatment of hypertension. They are recommended as the first line therapy in mild to moderate hypertension in many patients, particularly elderly and black patients. Thiazide diuretics, owing to their slower, longer, and relatively less powerful pharmacological action, are preferred to loop diuretics, which have more acute and short term effects. However, it is several weeks before their antihypertensive effect is noted. Their effect is maximal when smaller doses are used (see table 1 ). 6 Thiazide diuretics are much more effective when combined with moderate sodium restriction. 24 The response rate to thiazide monotherapy in hypertension is variable. The response depends on various factors, including the patient's age, race, and renal function. Instead of increasing the dose of the drug (which may cause significant biochemical abnormalities), another agent should be added if improved control of blood pressure is desired.
Thiazide diuretics are commonly combined with other antihypertensive agents in the treatment of moderate to severe hypertension. Even lower doses-that is, 6.25 mg of hydrochlorothiazide or 1.25 mg of bendrofluazide-may be adequate when thiazides are combined with other drugs. 4 The usual combination is with b-blockers. However, preparations consisting of low dose thiazides and ACE inhibitors, angiotensin receptor blockers, and potassium sparing agents are widely used (see table 4 ).
Thiazide related diuretics
Chlorthalidone and indapamide are the commonly used thiazide related agents for the management of hypertension. Chlorthalidone has been shown to be safe and effective at lower doses. Indapamide, in smaller doses, seldom disturbs lipid or glucose levels. 26 Its recently launched slow release form has been shown to have minimal diuretic action with moderate antihypertensive action exerted mainly through its vasodilatory properties. It has also been shown to have class I and class III antiarrhythmic effects. It has a long half life and effectively lowers the blood pressure over 24 hours. Overall, however, indapamide has little advantage over other well tried diuretics. There are also no strict comparisons with low dose thiazides in terms of the effects on glucose tolerance. In general, its side effects profile probably resembles that of the thiazides. Hence, in larger doses, indapamide can cause significant biochemical and metabolic abnormalities similar to those experienced with thiazides. The other diuretic in this group, metolazone, may be effective in patients with renal N Diuretics are generally safe in patients with diabetes.
However, in brittle diabetes, alternative antihypertensive agents may be used.
N Low dose diuretics seldom cause any significant dyslipidaemia.
N Non-steroidal anti-inflammatory drugs and steroids can blunt the effect of diuretics, and, therefore, their concomitant use should be avoided.
insufficiency. However, it is a potent diuretic and can therefore cause significant diuresis. Hence, it is rarely used as an antihypertensive agent.
Loop diuretics
Loop diuretics are potent diuretics but have no more antihypertensive effect than the thiazides. Once daily dosing produces an intense polyuria over a few hours with consequent rebound activation of the compensatory mechanisms and restoration of the haemodynamics to the previous level. Hence, loop diuretics should be used in smaller twice daily doses for more persistent action (table 1) . They are particularly useful in patients with coexistent renal or heart failure, in whom thiazide diuretics are rarely effective.
Potassium sparing diuretics
Potassium sparing diuretics are rarely used alone because they are weak antihypertensive agents. They are usually used in combination with thiazide or loop diuretics to prevent hypokalaemia. However, spironolactone may be effective alone in the treatment of primary or secondary hyperaldosteronism. It is a logical therapy in patients who develop hypertension in the presence of high mineralocorticoid levels during prednisolone therapy and in hypertensive patients with high aldosterone-renin ratios. The use of diuretics in hypertension is now well established and justified. The recommendations from the Joint National Committee on Hypertension, the World Health Organization International Society of Hypertension, and the British Hypertension Society clearly support low dose thiazide diuretics as the first line therapy in many patient groups. [27] [28] [29] These diuretics are generally safe with few absolute contraindications. Recent work has also helped to resolve the issue of whether to use diuretics in preference to other antihypertensive agents. 17 There is now compelling evidence for using low dose diuretic therapy in patients with isolated systolic hypertension and in patients with type 2 diabetes mellitus. This therapy has also been shown to be more effective in black patients and in those with volume dependent hypertension (table 5) . 30 Although there are no specific data on the cost effectiveness of individual antihypertensive agents, diuretics are probably more cost effective than more expensive alternatives. 17 31 Considering all these aspects, low dose diuretics should therefore be used as both first and second line antihypertensive agents in the majority of patient groups. 
